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Japanese Unexamined Utility Model Publication H2-52328 

(Publication Date: April 16, 1990) 

(Utility Model Application S63-128930, Application Date September 30, 1988) 

Specification 

1 . The Name of the Device 

Microwave Plasma CVD Apparatus 



2. Claims 

1 . A microwave plasma CVD apparatus, characterized in that: 

forming, inside a reaction chamber section, a separation plate which spatially 
partitions between a first region and a second region where a substrate for being formed a 
film is configured; 

introducing gas to the first region and adding microwave to said gas to make said 
gas become excited gas; 

introducing said excited gas into the second region through a plurality of gas- 
passing holes formed in the separation plate; and 

introducing gas for forming a film into the second region to form a film on said 
substrate. 

2. A microwave plasma CVD apparatus according to claim 1, wherein gas 
pressure of the first region is larger than that of the second region. 

3. A microwave plasma CVD apparatus according to claim 1, wherein an 
amorphous semiconductor film is formed on the substrate. 

4. A microwave plasma CVD apparatus according to claim 1, 2 or 3, wherein 
gas pressure of the first region is larger than or equal to 0.05 Torr. 

5. A microwave plasma CVD apparatus according to claim 1, 2 or 3, wherein 
gas pressure of the second region is smaller than or equal to 0.5 Torr. 

6. A microwave plasma CVD apparatus according to claim 1, 2 or 4, wherein 
gas introduced to the first region is one of, or a combination of H2, He, Ar, Xe, Ne, O2, N2, 
NH 3 , NO, N 2 0, NO2, CF 4 , SiF 4 , SF 6 . 
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3. Detailed Explanation of Device 

[Industrially Applicable Field] 

This device is about a microwave plasma CVD apparatus which can form an 
amorphous semiconductor film, for example, amorphous silicon, etc. 

[Prior Art and Its Problem] 

It has been proposed to form an amorphous semiconductor film such as amorphous 
silicon (hereinafter abbreviated as "a-Si") using a microwave plasma CVD apparatus. 

Fig. 2 shows the above apparatus. In the figure, reference numeral 1 is a reaction 
chamber. A substrate supporting body 2 is configured inside the chamber 1, a plate for 
being formed a film 3 is configured on the substrate supporting body 2, and a heater 4 is 
configured inside the substrate supporting body 2 so that the film-forming plate 3 is heated 
to a certain temperature. 

In a part of the reaction chamber, a window for introducing microwave 5 is formed 
and a waveguide 6 is connected to this window 5. Also, a gas-introducing tube 7 is 
connected to the chamber 1 and the remainder of gas supplied for forming a film is 
exhausted through an exhausting tube 9 by a vacuum pump 8. Here, reference numeral 10 
is a vacuum indicator for measuring the degree of vacuum of the reaction chamber 1. 

According to the above constituted microwave plasma CVD apparatus, microwave 
introduced by the waveguide 6 is added to the gas introduced through the gas-introducing 
tube 7 through the window 5, the gas is decomposed to become plasma, and a film is 
formed on the substrate 3 whose temperature is set to a certain degree. 

However, if an a-Si film is formed by such an above constituted plasma CVD 
apparatus, gas pressure must be set less than or equal to 0.1 Torr in order to prevent 
generation of powder substance in forming a film, and therefore electric discharge becomes 
unstable and making a constant quality of an a-Si film becomes difficult. 

Moreover, an a-Si film is formed on the window 5 and therefore microwave is 
reflected by the window 5 and electric discharge becomes unstable, and furthermore there is 
a case where electric discharge is stopped. 

Also, by the substrate supporting body 2, the propagation of microwave is disrupted 
and therefore a reaction chamber is not a resonance device and the efficiency of absorption 
of microwave becomes low. 

Therefore, the objectives of this device are to solve the above-mentioned problems 
and provide a microwave plasma CVD apparatus which can form a high quality film. 
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Also, another objective of this device is to improve the absorption efficiency of 
microwave and electric discharge to make it possible to reliably form a film, and thus 
provide a microwave plasma CVD apparatus which can realize decreasing the cost of film- 
formed products. 

[Means to Solve the Problems] 

A microwave plasma CVD apparatus of this device is characterized in that forming, 
inside a reaction chamber section, a separation plate which spatially partitions between a 
first region and a second region where a substrate for forming a film is configured, 
introducing gas to the first region and adding microwave to said gas to make said gas 
become excited gas, introducing said excited gas into the second region through a plurality 
of gas-passing holes formed in the separation plate, and introducing gas for forming a film 
into the second region to form a film on said substrate. 

[Examples] 

The below is to explain in detail this device, by taking an example of a microwave 
plasma CVD apparatus which can form an amorphous semiconductor film. 

Fig. 1 is an apparatus of this device and reference numeral 1 1 in the figure is a 
reaction chamber comprising SUS, Al etc. Inside the reaction chamber 1 1, a separation 
plate 12 is configured to specially separate, one space is the first region 13 and the other 
space is the second region 14. Moreover, in the separation plate 12, a plurality of gas- 
passing holes 15 are formed to enable gas passage between the region 13 and the region 14. 

In a part of the first region 13, a window for introducing microwave which consists 
of quarts glass and alumina ceramics, etc. is formed. A waveguide 17 is connected to the 
window 1 6, and a gas introducing tube 1 8 where gas for being added microwave is 
introduced is connected. 

In the second region 14, a substrate supporting body 19 is configured, a substrate 
plate 20 for being formed a film is configured on the substrate supporting body 19, and 
inside the substrate supporting body 19, a heater 21 is configured to heat the substrate plate 
20 to a certain temperature. A film-forming gas introducing tube 22 is connected to the 
second region 14 and the remainder of gas supplied for forming a film is exhausted through 
exhausting tube 24 by vacuum pump 23. Here reference numerals 25, 26 are vacuum 
indicators for measuring the degree of vacuum of the first and second regions, respectively. 

According to the above constituted microwave plasma CVD apparatus, microwave 
introduced by the waveguide 1 7 is added to the gas for being added microwave introduced 
through the gas-introducing tube 18 through the window 16, the gas is decomposed to 
become plasma with glow electric discharge decomposition, and becomes excited gas. The 
excited gas is sent via the gas-passing holes 15 to the second region 14. 

Also, gas for forming a film is sent to the second region and mixed with the above 
excited gas and thus the gas for forming a film is also excited. For example, if H2 gas is 
used as the gas for being added microwave and SiHU gas is used as the gas for forming a 
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film, first H2 gas is excited and becomes plasma and ions and neutral excited species, and 
its excited gas acts on SM4 gas to decompose. Thus an a-Si film is gas-phase-crystal grown 
on the substrate 20 whose temperature is set within the range between 200 to 300 °C. 

Accordingly, the above constituted microwave plasma CVD apparatus, microwave 
does not directly act on SM4 gas and thus does not give damage on the grown a-Si film and 
also microwave is resonated by the first region and the absorption efficiency of the 
microwave becomes high, and as a result, a high quality a-Si film is stably formed. 

When forming an amorphous semiconductor film such as the above, other than the 
combination of the above H2 gas and S1H4 gas, various gas can be selected and combined. 

As the gas for being added microwave, it is desirable to select gas which is not 
forming a film by electric decomposition, for example, H2, He, Ar, Xe, Ne, O2, N2, NH3, 
NO, N2O, NC>2 ? CF4, SiF4, SFe, etc. and they can be used as one or combination. 

As the gas for forming a film, there are SiH4, Si2H6, SiaHg, SiClH2 and organic 
metal gas such as A1(CH3)3, Ga(CH3)3. 

Also, there is a case where as the decomposition of the gas for forming a film, the 
above gas for being added microwave can be provided to form a film. For example, the 
combination of N2 gas and SiH4 gas, silicon nitride film is formed. 

According to this device, in forming an amorphous semiconductor film, the gas 
pressure of each of the first region and the second region can preferably be set as follows. 

If the gas pressure of the first region is larger than that of the second region, gas for 
forming a film does not diffuse into the first region and a film is not formed inside the first 
region. 

Moreover, it is good to set gas pressure of the first region is larger than or equal to 
0.05 Torr, preferably larger than or equal to 0.1 Torr, and within this range, the discharge of 
excited gas is stabilized and the absorption efficiency of microwave becomes high. 

Regarding gas in the second region, it is good to set smaller than or equal to 0.5 Torr, 
preferably smaller than or equal to 0.1 Torr, and outside of the range, decomposed- 
generated substance does not contribute to form a film and becomes powder substance to 
attach inside the region and therefore, the efficiency of gas for contributing to form a film is 
decreased and the quality of a film becomes low. 

[Effects of the Device] 

As shown above, according to the microwave plasma CVD apparatus of this device 
has the following advantages and can stably form a high quality film, and decrease the cost 
of film-formed products. 

(1) Plasma is not disrupted because microwave does not directly act on gas for 
forming a film. 
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(2) Microwave is resonated and its absorption efficiency becomes high. 

(3) Gas decomposed generated substance does not become powder substance. 

(4) Plasma density becomes high because microwave glow electric discharge is 
stabilized in the first region. 

(5) Also, since gas for forming a film does not contact to microwave-introducing 
window, a film is not formed on the window. 

In addition, the microwave plasma CVD apparatus of this device is not limited to 
the above example and similar effect is obtained when forming a film other than an 
amorphous semiconductor film such as diamond-like carbon thin film. 

[Brief Explanation of Drawings] 

Fig. 1 is an outline figure of an microwave plasma CVD apparatus of this device, 
and Fig. 2 is an outline figure of a prior microwave plasma CVD apparatus. 

1 , 11 ... Reaction Chambers 

2, 20 . . . Substrates 

5, 16 ... Microwave Introducing Windows 

6, 17 ... Waveguides 
12... Separation Plate 
13... The First Region 
14 . . . The Second Region 
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